Introduction
A very simple discrete model of the interaction between predator P and prey N, where it is assumed that predator can consume prey without limit, is given by
, where a, b, r > 0. Murray [10, 11] gave a special case of the above model taking a=b and it is noticed that the model is unrealistic in the sense that the solutions can grow unboundedly with t. Hone, Irle and Thurura [7] discussed some of the beautiful aspects of dynamical behavior of the above said model and they have suggested a more realistic model It is realistic in the sense that it represents Ricker curve + = − when restricted to one dimension. In case a=b it was discussed by Beddington et.al [1] which may be called as density dependent model. In this paper, we want to explore some dynamical aspects of the two dimensional ecological map (1.1.1).
In section 1.2 a particular case of the map is taken and detailed dynamical behavior has been studied with the help of bifurcation diagram and Feigenbaum's theory. It is observed that the map undergoes period doubling bifurcation and ultimately takes chaotic structure. In section 1.3 certain numerical techniques have been adopted to formulate some computer programming which has become useful in calculating bifurcation points. Further with the help of the numerical data it has been verified that the map obeys Feigenbaum universal constant . Lastly in section 1.4 using , the accumulation point is calculated.
Dynamical behaviour of a particular map from its class:
We now fix some of the parameters say a, b, k and keep varying r to analyse the detailed dynamical behaviour of the map. Let us take a=0.5105854, b=0.01, k=4.7913155 . On inspection it can be seen that (0,0) and (k,0) are two fixed points of the model satisfying the equation f(x,y)=(x,y) =(xe (1.2.1) Using "Mathematica" we generate the bifurcation diagram for the observation of the whole dynamical behaviour of the map as r is varied . Fig 1.2 .a: The figure is generated using 100 points which are taken after iterating 5000 points of the map at every parameter value of r, and plotted the x coordinate of the point (x,y) vs. r.
Fig 1.2.b:
The figure is generated using 100 points which is taken after iterating 5000 points of the map at every parameter value of r, and plotted the y coordinate of the point (x,y) vs. r.
From the diagram it has been clear that the map follows period doubling route to chaos as " r" is varied. We know that (0,0) is unstable for (1.1.1).Also (k,0) is unstable as ak>1 in this case. Let (x 0 ,y 0 ) be a fixed point of the map f where neither of x 0 , y 0 are equal to zero.
The fixed point (x 0 ,y 0 ) remains stable for all values of r lying in the interval say I 1 and a stable periodic trajectory of period one appears around it till the two eigenvalues of the Jacobian matrix J at (x 0 ,y 0 ) remains less than one in modulus, and as a result all the neighbouring points (that is, points in the domain of attraction) are attracted towards (x 0 ,y 0 ), r lying in I 1 .However the least upper bound of the interval I 1 can be obtained from the equations (1.2.1) and min{ 1 , 2 }=-1. If we now begin to increase the value of r exceeding the l.u.b. of I 1 , then it happens that one of the eigenvalues starts decreasing through -1 and the fixed point (x 0 ,y 0 ) loses its stability .Hence r 1 =l.u.b. of I 1 is the point where the first bifurcation occurs. So , if we keep on increasing the value of r the point (x 0 ,y 0 ) becomes unstable and there arises around it two points, say, (x 21 (r), y 21 (r)) and (x 22 (r), y 22 (r)) forming a stable periodic trajectory of period 2. All the neighbouring points except the stable manifold of (x 0 (r), y 0 (r)) are attracted towards these two points. Since the period emerged becomes double, the previous eigenvalue which was -1 becomes +1 and as we keep increasing r, one of the eigenvalues starts decreasing from +1 to -1.When we reach a certain value of r, we find that one of the eigenvalues of the Jacobian of f 2 (because of the chain rule of differentiation, it does not matter at which periodic point one evaluates the eigenvalues) becomes -1, indicating the loss of stability of the periodic trajectory of period two. Thus, the second bifurcation takes place at this value r 2 of r. We can then repeat the same arguments, and find that the periodic trajectory of period 2 becomes unstable and a periodic trajectory of period 4 appears in its neighbourhood. This phenomenon continues up to a particular value of r say r 3 , at which the periodic trajectory of period 4 losses its stability in such a way that one of the eigenvalues at any of its periodic points become -1, and thus it gives the third bifurcation at r 3 .
Increasing the value further and further, and repeating the same arguments we obtain a sequence {r n } as bifurcation values for the parameter r such that at r = r n a periodic trajectory of period 2 n arises and all periodic trajectories of period 2 m (m<n) remain unstable. The sequence {r n } behaves in a universal manner such that r  -r n c  -n , where c is independent of n and  and is the Feigenbaum Universal constant. For the dissipative case, that is, contraction of area  equals 4.6692016091029…. and for the conservative case, i.e. the preservation of area  equals 8.721097200…. Furthermore, the Feigenbaum theory says that the our map f at r=r  has an invariant set F of Cantor type encompassed by infinitely many unstable periodic orbits of period 2 n (n=0,1,2,…), and that all the neighbouring points except those belonging to these unstable orbits and their stable manifolds are attracted to cantor like set F under the iterations of f at the parameter r .
Numerical Method for Obtaining Periodic Points:
Although there are so many sophisticated numerical algorithms to find a periodic fixed point, we have found that the Newton Recurrence formula is one of the best numerical methods with negligible error for our purpose. Moreover, it gives fast convergence of a periodic fixed point.
The Newton Recurrence formula is +1 = − −1 ( ) , where n = 0,1,2,… and ( ) is the Jacobian of the map f at the vector . We see that this map f is equal to f k -I in our case, where k is the appropriate period. The Newton formula actually gives the zero(s) of a map, and to apply this numerical tool in our map one needs a number of recurrence formulae which are given below.
Let the initial point be ( x 0 , y 0 ), Then, 
Where = (A k -1)(D k -1) -B k C k , the Jacobian determinant. Therefore, Newton's method gives the following recurrence formula in order to yield a periodic point of
where 
Numerical Methods for Finding Bifurcation Values:
As described above for some particular value of r=r 1 say we calculate the fixed point of f k and hence calculate the eigenvalues of J k at the fixed point. Let (x 1 ,y 1 ) ,(x 2 ,y 2 ),…. (x k ,y k ) be the periodic points of f at r 1 . Let 1 , 2 be the two eigen values of J k at r 1 , let I(k,r 1 )= min{ 1 , 2 }, where n=2 k is the period number .Then we search two values of "r" say r 11 and r 22 such that (I(k,r 11 )+1)(I(k,r 22 )+1) < 0 .Then the existence of k th bifurcation point is confirmed in between r 11 and r 22 . Then we may apply some of the numerical techniques viz. Bisection method or Regula Falsi method on r 11 and r 22 for sufficient number of iterations to get r such that I(k,r)=-1.
Our numerical results are as follows: 
Accumulation Point:
As discussed in chapter 2, the accumulation point can be calculated by the formula A ∞ =(A 2 -A 1 )/(δ-1),where δ is Feigenbaum constant. But it has been observed that { } converges to as n→ ∞.Therefore a sequence of accumulation point { A ∞,n }is made using the formula A ∞,n =(A n+1 -A n )/(δ-1).From the above experimental values of bifurcation points and using δ= 4.669201609102990671853204 the sequence of values is constructed as follows: It may be observed that the sequence converges to the point 2.7065672384929…. after which chaotic region starts.
